Summary. Serum immunoreactive insulin extracted with acid ethanol (total IR1) and blood glucose were measured in two groups of diabetics and a control group during 24-hour periods. One group of diabetics had received insulin for less than 1 month, and none had yet developed insulin antibodies. The other had been treated with insulin for 2 years or more. The average level of total IRI in the diabetics without antibodies was similar to that in the normals, but highly elevated in diabetics with antibodies, although the blood glucose levels were similar in the two diabetic groups. The increase in total IRI after the insulin injections was more rapid in patients receiving quick-acting insulin and most pronounced in those with the highest levels of total IRI. The ~total IRI peaked in the afternoon and dropped during the night. The short-term insulin-treated patients showed a better degree of diabetes control than those treated for 2 years or more. No correlation was found however, between the total IRI level and the degree of control in the latter group. The patients with the highest levels of total IRI had the highest frequency of hypoglycemic episodes. This is in agreement with the concept that the insulin antibodies may function as a circulating depot, which releases insulin irrespective of the metabolic need.
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Several investigations concerning concentrations of immunoreactive insulin (IRI) in normal subjects during a period of 24 hrs or more have been reported [10, 18] or included in studies of diabetics. The 24 hr variation in IRI has also been studied in non-insulin treated diabetics [9, 14, 29] . The variation in IRI after subcutaneous injection of clinical doses of insulin has been studied in diabetics without insulin antibodies [1, 12, 13, 21, 22, 28] . Using an acid ethanol extraction method for the determination of total IRI in sera containing endogenous insulin antibodies, it has been demonstrated that the daily insulin injections caused variations in the total IRI concentration [16] .
The purpose of the present investigation was to study the 24 hr variation of total IRI in a group of diabetics treated with insulin for less than 1 month, i.e., before development of insulin antibodies, and in another group of diabetics treated with insulin for 2 years or more. Furthermore, an attempt was made to see whether the level of total IRI was correlated with the degree of diabetic control.
Material and Methods
Five hospitalized diabetic patients were studied within the first month of insulin treatment. Two cases were treated with insulin from the onset of diabetes. The other three were treated for a time with diet and/ * Present adress: Frederiksberg Hospital, Medicinsk afdeling B, DK-2000 Copenhagen ?F., Denmark or oral antidiabetic agents, but were transferred to insulin because of unsatisfactory control (hyperglycemia, glucosuria, acetonuria, and weight loss). These patients are referred to as the short-term group.
Another group of 19 patients treated with insulin for 2 years or more was studied during hospitalization for check-up or improvement of their diabetic control. All these patients suffered from diabetes of juvenile type (ketosis-prone and insulin-requiring), but none had ketoacidosis at the time of the study. These patients are referred to as the long-term group. Table 1 gives further data on the patients and details of the regimen.
For comparison, four normal volunteers of normal weight (male students) were hospitalized at the same time and studied under the same conditions of diet and exercise as the diabetics.
The diet was planned by a dietician to suit the individual weight and degree of activity. Table 1 gives the total calorie intake per 24 hrs and the weight index (i.e. body weight divided by the ideal body weight according to life insurance tables). Exercise consisted of normal every-day activities.
Blood samples were drawn at 08.00, immediately before the insulin injection and breakfast, at 09.00, and 11.30 before lunch, at 15.00 the afternoon following snack, at 18.00 just after supper (and 30 min after the insulin injection, if this was given twice daily), at 21.00 following the evening snack, at 02.00, and again at 08.00. Extra blood samples were obtained from the normal subjects at about the time of the three main meals. In three of the patients (F. P., E. Ca., and H. R. K.), the blood sampling schedule began at 11.30 and ended at 09.00 the following morning. However, the results are drawn up as if the patients had been followed from 08.00 in the morning until 02.00 the following night, as this does not influence the interpretation. In a few other patients, the second 08.00 sample is also missing.
total IRI concentration was determined after acid ethanol extraction of the serum [16] . The guinea-pig antibody used in the immunoassay gave identical standard curves with porcine, bovine, and human insulin. In serum devoid of insulin antibodies, the total IRI concentration was equal to the IRI concentration measured by direct insulin immunoassay (own observations). At IRI levels below 50~tU/ml, the stand- The abreviations appearing after the insulin doses stand for the following insulin preparations: L = Lente, R = Rapitard, NPH = Retard, SL = Semilente, OI = ordinary insulin, A = Actrapid. E. CI. t and E. C1. e represent the same patient studied while treated with a single morning injection and when switched to treatment with two daily insulin injections 5 days later.
The blood samples were drawn from fresh venous punctures or through an indwelling catheter in an anticubital vein for a maximum of 8 hrs. The blood was allowed to clot at room temperature before centrigugation. The serum was stored at --20 ~ C until the time of insulin assay.
The blood glucose concentration (BG) was determined in capillary blood samples by a glucose oxidase method (C. F. Boehringer & S6hne, Mannheim). The insulin binding to IgG was measured by immunoelectrophoresis [8] . The lower limit of significant insulin binding to IgG is about 0.04 mU/ml. The concentration of immunoreactive insulin (IRI) in normal sera was determined by insulin immunoassay, and the ard deviation (SD) between assays was about 4 9U/ ml, whereas the SD within assays was about 2 gU/ml. At higher IRI levels, the SD's between and within assays were about 5Yo and 3Yo, respectively [16] . The samples obtained during the 24 hr study of a given patient were measured in the same assay.
The M-value, an index of the quality of blood glucose control [30] , was calculated, using a modified table to account for the difference between blood sugar as determined by the Hagedorn-Jensen method and by the glucose oxidase method [25] . The mean urine glucose excretion (polarimetric determination), acetonuria and hypoglycemia were also evaluated for the M-value period of about 6 days. This period in-cluded in all the cases the 24 hr period during which blood samples were drawn for the IRI determinations. The patients were classified as positive with respect to acetonuria if one or more distinctly positive reactions according to Legal's test were obtained during the period of observation. The corresponding criterion for hypoglycemia was one or more episodes with clinical symptoms of hypoglycemia in conjunction with a blood glucose concentration less than 55 mg/100 ml.
Results
Fig . 1 shows the 24 hr variation of IRI and BG in the four normal subjects. After the morning meal, two of the subjects showed increases in IRI amounting to 18 and 25 ~tU/ml, whereas the other two showed no significant change. Both after lunch and supper, all Fig. 4 and 5 present the variations in total IRI and BG in the long-term patients treated with two daily injections. All these patients showed increases in total IRI from 08.00 to 11.30. In some cases a second rise in IRI could be observed after the evening injection. In one case (E. Ca.) total IRI showed an inexplicable drop from 0800 to 0900.
One of the patients in Fig. 5 (E. C1. ~) is also represented in Fig. 3 (E. CI?) as this patient was studied at first when treated with a single dose and then after a switch to two daily insulin doses 5 days later, see Table 1 .
The mean 24 hr level of total IRI shown in Table 2 was calculated as the area under the IRI curve ( Fig. 2--5 ) divided by the length of the time interval. As the method was not available in the beginning of four showed increases in IRI ranging from 10 to 44 ~tU/ml. Fig. 2 shows the results from the five short-term diabetics treated with insulin for less than one month. Four of the patients showed a rise in IRI after the morning injection, whereas in the 5th case IRI remained below 12 gU/ml throughout the 24 hrs. The increases in IRI ranged from 12 to 53 9U/ml in these patients. Fig. 3 shows the variation in total IRI and BG in the six patients who were treated with a single daily insulin injection in the morning and had been on insulin for two years or more. All these long-term patients showed an increase in total IRI after the injection. In one of the patients, the 24 hr variation was studied twice at an interval of 21/2 months. Both sets 
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in IRI and BG in 4 normal subjects the study, the insulin binding to IgG was determined only in 14 out of 24 cases. There was no variation in this parameter between the different sampling times. A comparison of the long-term diabetics on a single daily insulin injection with those on two injections daily revealed no statistically significant differences (5Yo level, Wilcoxon's test) between any of the parameters. Hence, subsequently, all the long-term insulin treated patients will be pooled into a single group. The mean increase in total IRI during the interval from 08.00 to 11.30 was 230 ~tU/ml (range 71 to 565 9U/ml) in the 7 patients of the long-term group who received Actrapid or ordinary insulin in the morning. The corresponding mean increase in the 7 patients who were treated with Lente, Rapitard or NPH-insulin was 36 ~tU/ml (range 18 to 61 ~tU/ml). This difference is statistically significant according to Wilcoxon's test (e<0.01). Fig. 6 shows the means of total IRI and BG of the short-and long-term patients. It appears that the mean 24 hr variation in total IRI consists of an increase after the morning injection, culminating in a maximal level in the afternoon or evening, followed by a drop during ficant correlation (5Yo level, Spearman's rank correlation coefficient) in the long-term group between the mean total IRI on the one hand and the M-value or urine glucose excretion on the other. The mean total IRI levels were similar in the long-term patients with and without episodes of acetonuria, whereas there was a statistically significant difference (P<0.05, Wil- the night. The mean BG is highest in the long-term group, the difference being statistically significant at the BG curve peak at 09.00 (P<0.01, Wilcoxon's test). The two IRI curves are obviously different at all times.
From Table 2 it appears that the M-value is significantly lower in the short-term than in the long-term insulin treated patients. The urine glucose excretion shows a similar, though not statistically significant, difference. However, there was no statistically signicoxon's test) between total IRI in the group of twelve patients with episodes of hypoglycemia (mean: 683 ~tU/ml, SD: 654 ~tU/ml) and the seven without (mean: 243 ~tU/ml, SD: 193 ~tU/ml).
Discussion
A direct immunoassay for the determination of IRI in patients with circulating insulin antibodies will give either too high or too low results. A double-antibody immunoassay [24] was used to study insulin patterns in insulin-treated diabetics [23] . Such an assay will give erroneously high results, as a portion of the labelled insulin will be bound to endogenous antibodies, thus reducing the amount available for binding to the first antibody. Since the second antibody does not precipitate antibodies to endogenous insulin, the precipitate will contain less labelled insulin than the amount obtained with the corresponding standard. In [24] it was also shown that the recovery of added human insulin was over 100Uo (up to 200Yo) in 8 out of 9 samples a positive correlation to the insulin binding to IgG (median about 1 mU/ml, range 0.01 to 12 mU/ml) [31] . In accordance with these results, our patients treated with insulin for less than one month had no significant insulin binding to IgG, whereas those of the patients treated for two years or more in whom IgGbinding was determined, all showed significantly elevated levels, as can be seen from Table 2 .
In the normal subjects, the 24 hr variation in IRI (Fig. 1) reflects increased postprandial pancreatic insulin secretion [10, 18] . In the diabetics of juvenile type studied here (Figs. 2--5 from different diabetics. The method based upon dilution and dextran-charcoal separation [19] determines only about 60Yo of the total IRI due to incomplete dissociation of the insulin-antibody complexes. Therefore, we find it necessary to use a method in which the insulin is separated from the antibodies prior to the IRI-assay. It has been shown that total IRI rises from subnormal levels before treatment to above-normal levels simultaneously with the formation of insulin antibodies during the first few months of insulin treatment [16] . The fasting total IRI varied in the range of 0 to 10,000 ktU/ml with a median of about 200 ~tU/ml in 155 nonresistant insulin-treated diabetic patients and showed postprandial or BG induced increases in IRI. This does not rule out the possibility that there was some residual endogenous insulin secretion of significance even though our method could not detect it. Most of the patients in Figs. 2--5 exhibit definite increases in the total IRI after the insulin injections, with subsequent falls in IRI. This 24 hr variation is however, relatively small in comparison to the between-patient variation. The four diabetics showing the highest levels of total IRI also show the highest increases after the morning injection. This is probably due to the increased level of antibody, which binds and retains the insulin in the circulation for a prolonged period of time.
It appears that the patients receiving the quick-acting Actrapid and ordinary insulin showed higher rates of increase in total IRI than those treated with the protracted-acting Lente, Rapitard and NPH-insulin only. This is in agreement with the results of absorption studies [6] and the well known differences in the timing of the hypoglycemic effect. There is apparently no relationship between BG and IRI in the insulin treated patients shown in Figs.
the BG levels in Fig. 6 it is thus likely that the longterm patients with highly elevated total IRI have less "free" IRI than the short-term patients. Differences in tissue sensitivity to insulin may, however, also play a role.
In was found that an initial remission phase, with improvements in endogenous insulin secretion and control of diabetes was followed by a gradual deterioration of control and failure of insulin secretion [20] . The superior degree of control of our short-term patients in comparison with the long-term patients (Table 2) is probably due to such a residual beta-cell secretion in the short-term patients, whereas the long-term patients have no significant endogenous insulin secretion. This is in agreement with the findings in [7, 17] .
The reasons for the gradual disappearance of residual beta-cell secretion are unknown. Several factors, including cellular immune reactions against exogenous insulin preparations, have been suggested [20] .
The results in Table 2 seem to suggest that the inferior blood glucose control of the long-term patients as the per cent change in total insulin needed to produce a 100Yo change in free insulin (12~I-insulin bound to charcoal). However, the insulin-antibody complexes in diabetics dissociate with half-times of about 3--5 min (quick dissociation and about 11/2 to 7 hrs [2, 3, 5] . Therefore, the immediate reaction to insulin injections may be diminished because of the binding of insulin by circulation antibodies. The subsequent slow release of insulin from the antibody complexes may provide the tissues with a continous supply of insulin for many hours and even days, and result in recurrent hypoglycemic episodes in the absence of insulin therapy [3, 4, 5] . These original dissociation studies and their relevance to hypoglycemia have later been confirmed. Thus in [27] and [23] some types of spontaneous hypoglycemia where ascribed to enhanced release of insulin from antigen-antibody complexes But the lack of a positive correlation between the mean 24 hr level of total IRI and the M-value or the urine glucose excretion in the long-term patients speaks against it. The superior degree of blood glucose control in the short-term patients is therefore ascribed to other factors, e.g., residual endogenous insulin secretion. It has been suggested [11] that stable diabetics had insulin antibodies with a high "buffer power", defined rather than insulin overdosage, and in [15] hypoglycemia was described in patients with insulin antibodies who did not receive exogenous insulin-treatment at the time of the investigation. An unambiguous relation between hypoglycemia and insulin antibodies has been shown in a newborn non-diabetic infant who had large amounts of insulin antibodies and antibody bound insulin in her serum at birth [26] . In this case --contrary to the many similar cases reported in adults --insulin injections can be ruled out.
Our results showed that patients with hypoglycemic episodes (Table 2 ) had a significantly higher mean level of total IRI than the remaining patients, which is in agreement with the findings [3, 4, 5, 26] concerning the dissociation of the circulating "depot insulin" being independent of the metabolic needs for insulin.
